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ABSTRACT 

Three  family  tests  of  Douglas-fir  were  scored  for  degree 
of  needle  damage  caused  by  the  needle  cast  fungus  Rhab- 
docline pseudotsuga.  Genetic  variability  was  moderate. 
Family  heritabilities  were  SU,  36,  and  66.  Heritabilties 
based  upon  individuals  were  22,  28,  and  J+l.  Data  could  be 
used  in  Christmas  tree  or  forest  improvement  programs. 
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In  1984  three  family  tests  of  Douglas-fir  {Pseudotsuga 
menziesii  var.  glauca  [Beissn.]  Franco)  were  planted  by 
personnel  of  the  Northern  Region  of  the  Forest  Service  at 
the  Dry  Creek  tree  improvement  site.  The  site  is  32  miles 
east  of  Sandpoint,  ID,  at  48°04'  N.  latitude,  116°09'  W. 
longitude  at  an  elevation  of  2,400  ft. 

In  April  1986  a  needle  cast  became  apparent.  The  causal 
fungus  was  identified  as  Rhabdocline  pseudotsugae  Syd.  by 
Bob  James,  Forest  Pest  Management,  Northern  Region, 
Missoula,  MT.  In  April  infection  appeared  light,  but  by 
mid-May  it  was  obvious  that  infection  was  severe. 

Provenances  from  the  northern  portion  of  the  inland 
variety  (Idaho-Montana)  of  Douglas-fir  are  known  to  be 
moderately  susceptible  to  this  needle  cast  while  those  of 
the  coastal  variety  (P.  menziesii  var.  menziesii  [Mirb.] 
Franco)  are  highly  resistant  and  those  from  the  southern 
range  of  the  inland  variety  (P.  menziesii  var.  glauca)  are 
highly  susceptible  (Stephan  1973,  1980). 

The  fungus  is  native  to  North  America  and  was  first 
described  from  collections  from  Montana  and  Idaho  (Weir 
1917).  It  has  since  been  found  wherever  Douglas-fir  is 
grown  and  is  a  major  problem  in  young  plantations 
(Morton  and  Miller  1977).  The  fungus  infects  both  sides  of 
the  leaves  during  cool  (50  °F)  and  moist  (near  100  percent 
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humidity)  periods  of  at  least  3  days  duration  during  the 
time  of  first  flush  in  early  summer  (Stephan  1973).  Infec- 
tion occurs  by  direct  penetration  of  the  cuticle  (Brandt 
1960).  Initial  symptoms  are  seen  as  slight  yellow  spots  on 
the  needle  surface  in  early  winter.  By  early  spring  the 
spots  have  changed  to  yellowish  brown.  The  combination 
of  healthy  green  tissue  with  the  yellowish-brown  spots 
cause  much  of  the  infected  surface  to  appear  mottled.  In 
late  spring  and  early  summer  the  spots  become  red  brown, 
apothecia  form,  spores  are  liberated,  and  casting  of  the 
most  severely  damaged  needles  begins. 

The  Dry  Creek  test  comprised  many  families  of  Douglas- 
fir  planted  in  24-tree  family  plots,  thus  making  it  obvious 
that  there  were  major  differences  among  the  families.  This 
paper  documents  the  genetic  variation  among  these 
families. 

MATERIALS  AND  METHODS 

The  inland  population  of  Douglas-fir  has  been  divided 
into  several  "breeding  zones"  for  the  purpose  of  testing 
and  selection  of  fast  growing  trees.  These  breeding  zones 
were  derived  from  data  provided  by  Rehfeldt  (1979,  1982) 
on  adaptive  variation.  In  Idaho  each  breeding  zone  com- 
prises two  degrees  of  latitude  and  1,000  ft  of  elevation. 

The  seedlings  planted  at  Dry  Creek  were  from  selected 
"plus"  trees  from  three  elevation  zones  between  latitude 
45°22'  N  and  47°8'  N  in  Idaho.  These  zones  are  desig- 
nated as  low,  mid,  and  high  and  represent  the  three 
breeding  zones  at  the  range  of  latitude  listed  above.  Zone 
low  had  195  families,  mid  had  219  families,  and  high  had 
186  families.  The  seedlings  were  derived  from  open- 
pollinated  seed  with  seed  from  individual  trees  assumed  to 
be  half-sibs.  The  seeds  were  sown  in  containers  at  the 
Forest  Service  Nursery,  Coeur  d'Alene,  ID,  during  spring 
1983  and  planted  at  the  Dry  Creek  site  during  spring 
1984. 

The  experiment  consisted  of  a  randomized  complete 
block  design,  with  two  blocks,  24  seedlings  per  block,  and 
family  plots.  Seedlings  were  spaced  at  3  by  3  ft,  and  seed- 
lings of  the  three  elevation  zones  were  planted  in  separate 
but  adjacent  tests. 


When  the  needle  cast  was  at  its  maximum  visibility,  the 
last  week  of  May  1986,  each  seedling  was  rated  according 
to  the  classification: 

0  =  no  needle  damage 

1  =  <25  percent  of  the  needle  area  damaged  by  needle 

cast 

2  =  26  to  50  percent  of  the  needle  area  damaged 

3  =  51  to  75  percent  of  the  needle  area  damaged 

4  =  >75  percent  of  the  needle  area  damaged 
Family  means  and  analysis  of  variance  were  completed 

using  the  mean  of  the  class:  0  =  0;  1  =  13  percent;  2  = 
38  percent;  3  =  64  percent;  and  4  =  88  percent.  The 
model  of  the  analysis  of  variance  is  shown  in  table  1. 

Table  1 — Model  for  the  analysis  of  variance  and  expected  mean 
squares  for  the  damage  caused  by  Rhabdocline 
pseudotsugae  to  Douglas-fir 


Degrees 

Source  of  freedom        Expected  mean  squares 


Block 

b-V 

2 

% 

+ 

ko%F  + 

fk4 

Families 

M 

2 

% 

+ 

ko\F  + 

bko% 

Block  x  families 

(i>-1)(M) 

2 

<% 

+ 

ko%F 

Within 

bf(k-\) 

2 

'b  =  number  of  blocks, 
f  =  number  of  families, 

k  =  number  of  seedlings  per  plot;  because  the  number  of  individuals 
within  plots  varied,  k  represents  the  harmonic  mean. 


RESULTS 

The  distribution  of  damage  classes  over  all  seedlings  is 
shown  in  table  2.  The  average  amount  of  foliage  that  was 
damaged  for  elevation  zone  low  was  41  percent,  for  mid 
53  percent,  and  for  high  52  percent  (table  3). 

The  among-family  differences  for  all  three  elevation 
zones  were  highly  significant  (table  4).  The  block  x  family 
effect  was  also  significant,  indicating  a  substantial  differ- 
ence in  the  level  of  infection  in  individual  families  within 
each  of  the  two  blocks. 


Table  2— Frequency  of  Rhabdocline  pseudotsugae  damage 
classes  for  three  populations  of  Douglas-fir 


Damage  classes 

Test  0  1  2  3  4  Total 

 Percent   Number 

Low  2  24  38  33  3  8,326 

Mid  1  6  28  62  3  9,814 

High  0  9  29  60  2  8,411 


Table  3 — Rhabdocline  pseudotsugae  damage  on  three  elevation 
zones  of  Douglas-fir  at  Dry  Creek 

Damage 

Elevation  zone  Families  Mean  Range 

Number   Percent  

Low  195  41  19-64 

Mid  219  53  21-67 

High  186  52  32-67 


Table  4 — Analysis  of  variance  of  Rhabdocline  pseudotsugae  damage  for  three  elevation  zones  of 
Douglas-fir  at  Dry  Creek 


Low  Mid  High 


Source 

df 

MS 

df 

MS 

df 

MS 

Block 

1 

4.232 

1 

1.633 

1 

2.267 

Family 

194 

.369** 

218 

.182** 

185 

.218** 

Block  x  family 

194 

.232** 

218 

.118** 

185 

.077** 

Within 

7,937 

.034 

9,376 

.023 

802 

.024 

"denotes  significant  difference  at  the  1  percent  level  of  probability. 
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Table  5— Variance  components,  percent  of  variation,  and  heritabilities  of  the  damage  by  Rhabdocline 
pseudotsugae  for  three  elevation  zones  of  Douglas-fir  at  Dry  Creek 


Elevation  zone 


Source 


Low 


Mid 


High 


Variance 
components 


Percent 
variation  h2 


Variance 
components 


Percent 
variation  h2 


Variance 
components 


Percent 
variation  h2 


Block 
Families 
Block  x 
Within 

Family 

Individual 


family 


0.001 
.003 
.010 
.034 


2 
6 
21 
71 


0.0003 
.002 
.004 
.023 


1 
7 
14 
78 


0.0005 
.003 
.002 
.024 


34 
26 


36 
28 


2 
10 

7 
81 


66 
41 


The  variance  components,  percent  of  variation,  and 
heritabilities  are  shown  in  table  5.  Harmonic  means  of  in- 
dividuals within  plots  were  20.8  for  low,  22.1  for  mid,  and 
22.2  for  high. 

DISCUSSION 

Several  Douglas-fir  families  had  a  fairly  high  level  of 
resistance  to  Rhabdocline  needle  cast,  while  others  were 
highly  susceptible.  Although  the  three  tests  could  not  be 
statistically  compared,  the  test  areas  were  adjacent  and 
could  be  compared  assuming  the  whole  site  was  homo- 
geneous. This  assumption  is  probably  reasonable  because 
all  three  tests  take  up  less  than  6  acres.  The  families  with 
the  highest  resistance  were  from  the  low  elevation  zone. 
Mid  and  high  elevation  families  were  about  the  same.  This 
agrees  with  reports  on  other  provenance  tests  (Mortant 
and  Zhu  1986)  and  agrees  with  observations  that  this 
disease  is  most  prevalent  at  lower  elevation  in  this  area. 
This  is  perhaps  because  by  the  time  high-elevation  trees 
begin  growth  and  are  the  most  susceptible,  the  weather 
typically  has  become  hot  and  dry  and  not  conducive  to 
Rhabdocline  infection. 

Heritabilities  were  moderate.  A  selection  at  one  unit  of  i 
of  the  most  resistant  individuals  would  yield  a  gain  of  21, 
15,  and  31  percent  for  the  low,  mid,  and  high  zones, 
respectively.  And  likewise,  the  same  intensity  of  selection 
for  families  would  provide  a  gain  of  61,  43,  and  47  percent 
for  these  zones. 

The  impact  of  Rhabdocline  needle  cast  is  not  noticeable 
in  pole-sized  and  older  stands  because  tree  mortality  is  not 
common.  However,  Kurkela  (1981)  reported  a  decrease 
both  in  height  and  radial  increment  as  severity  of  infection 
increased.  Also,  the  impact  is  long  lasting.  Slightly  in- 
fected dominant  trees  recovered  within  a  few  years,  but 
more  severely  infected  ones  took  10  years  or  more. 
Seriously  infected  codominant  and  suppressed  trees  did 
not  recover. 

Christmas  tree  plantations  are  especially  vulnerable 
because  they  are  planted  in  closely  spaced,  highly  suscep- 
tible monocultures  and  because  there  is  no  rotation  of 


species.  Morton  and  Miller  (1977)  reported  that  71  percent 
of  the  trees  in  one  plantation  site  were  unmerchantable. 
In  another  plantation,  51  percent  of  the  trees  had  only  a 
1-year  complement  of  needles. 

Christmas  tree  growers  could  benefit  by  selecting  for 
Rhabdocline  resistance.  For  forest  plantings,  resistance  in 
areas  of  high  hazard  should  be  increased,  especially  if  the 
impact  can  be  shown  to  be  high  in  these  areas.  In  less 
hazardous  sites,  maintenance  of  genetic  variability  of 
natural  resistance  would  suffice. 
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The  Intermountain  Research  Station  provides  scientific  knowl- 
edge and  technology  to  improve  management,  protection,  and  use 
of  the  forests  and  rangelands  of  the  Intermountain  West.  Research 
is  designed  to  meet  the  needs  of  National  Forest  managers, 
Federal  and  State  agencies,  industry,  academic  institutions,  public 
and  private  organizations,  and  individuals.  Results  of  research  are 
made  available  through  publications,  symposia,  workshops, 
training  sessions,  and  personal  contacts. 

The  Intermountain  Research  Station  territory  includes  Montana, 
Idaho,  Utah,  Nevada,  and  western  Wyoming.  Eighty-five  percent  of 
the  lands  in  the  Station  area,  about  231  million  acres,  are  classified 
as  forest  or  rangeland.  They  include  grasslands,  deserts,  shrub- 
lands,  alpine  areas,  and  forests.  They  provide  fiber  for  forest  indus- 
tries, minerals  and  fossil  fuels  for  energy  and  industrial 
development,  water  for  domestic  and  industrial  consumption, 
forage  for  livestock  and  wildlife,  and  recreation  opportunities  for 
millions  of  visitors. 

Several  Station  units  conduct  research  in  additional  western 
States,  or  have  missions  that  are  national  or  international  in  scope. 

Station  laboratories  are  located  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana  State 
University) 

Logan,  Utah  (in  cooperation  with  Utah  State  University) 

Missoula,  Montana  (in  cooperation  with  the  University  of 
Montana) 

Moscow,  Idaho  (in  cooperation  with  the  University  of  Idaho) 
Ogden,  Utah 

Provo,  Utah  (in  cooperation  with  Brigham  Young  University) 
Reno,  Nevada  (in  cooperation  with  the  University  of  Nevada) 
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